;34:e694-e712. wileyonlinelibrary.com/journal/hpm period since the increase of health subsidies and expenditures strengthened government responsibility over the health sector, and there existed a persistent mutual stimulation between economic growth and health care prepayment level across all frequency bands along with the reform. 1 In recent decades, China has made continuous progress with the deepening of economic system reform. Moreover, a new round of medical system reform has been carried out since 2006, and government's investment in the health sector has been continuously increasing. In 2014, as ratios of GDP, government health expenditure reached 6.97% while health care prepayment accounted for 3.77%, and both ratios were expected to be higher subsequently. Based on current situations, further explorations of the impacts of economic growth and government willingness on the level of health care prepayment are essential for the proper utilization of government health expenditure and the sustainable improvement of health care prepayment in China.
Funding information
Note that the three shaded areas in Figure 1 represent three periods of development in China's health system since 1978, which is supplemented by Figure 2 , and determinative affairs have been marked in Figure 1 for further explanations of changes in the items. Period 1 (1978 Period 1 ( -1997 began with a sharp increase in GDP growth rate. This could be explained by the implementation of the reform and opening-up policy, which attached great importance to economic development. Meanwhile, the wave of modernization construction promoted the health sector to enhance management in medical services, thus contributing to ascend in government health expenditure. In subsequent years, after the economy transitioned from centrally planned to market-oriented due to the economy system reform, the health sector quickly shifted into the same direction. While remarkable achievements were made in China's economy, in the health sector, the ratio of health care prepayment level reached a plateau in the 1980s with its absolute value falling. Moreover, out-of-pocket payment was not effectively controlled, accounting for up to 57.50% in health care prepayment in 1997. These facts can be attributable to deficient reforms in the market-oriented health system. Consequently, period 2 (1998-2005) started with the government rehabilitating its leading role in the health sector to compensate for the failures. During this period, the comprehensive construction of a prosperous society boosted improvements in social health insurance (SHI) schemes to achieve full coverage of health. Additionally, China's SARS epidemics in 2003 inspired the government to increase health and epidemic prevention expenditure on a large scale. All these affairs account for the ascend in health care prepayment level as well as government health expenditure in period 2. However, unaffordable medical expenses aroused growing public concerns, and expectations on improvements in the health system lead to period 3 (2006-). In response to public controversies, a new round of medical system reform was initiated in March 2009. Though economic growth suffered from the world financial crisis and fluctuated prominently in the following years, government's fiscal devotion to medical services has always been increasing. Specifically, as described above, the proportion of health care prepayment and health expenditure kept climbing and still presented an upward tendency in 2014. Currently, the Chinese residents are enjoying nearly universal coverage due to the new round of medical system reform. However, higher coverage level with more types FIGURE 2 Development of China's health system (1978-2016) e696of health insurance is urgently expected, so the government is supposed to take more responsibilities and further increase health expenditure. In addition, it is important to address that in China, individuals (and/or their employers) are mandatory to pay for social health insurance as an essential portion of health care public financing system. While individuals (and/or their employers) could buy commercial insurance voluntarily to improve one's health care level, which is considered as a type of private prepayment not government willingness.
Our article intends to assess economic growth and government willingness, both of which are crucial determinants of health care prepayment, and contributes to existing research in three ways. Firstly, by investigating the influence of economic growth and government willingness on health care prepayment level, this study seeks to find out a reliable outcome, which offers new findings about vital determinants and contributes to constructive suggestions on the advancement of health system in China. Secondly, we employ the long time series data during the period of 1978 to 2014 of China, which is capable of revealing much more information and extending the time-varying analysis.
Thirdly, the present paper uses the continuous wavelet analysis investigating the dynamic relationships between economic growth and health care prepayment level and between government willingness and health care prepayment level. The continuous wavelet analysis has become a popular method in exploring the relationship between two variables, since it expands time series to a time-frequency space in such a way that the correlation and the lead-lag relationship can be observed clearly.
The remainder of this paper is structured as follows. Section 2 provides a brief summary of recent literature on the determinants of health care prepayment level. Section 3 describes the empirical model and data. We use the continuous wavelet analysis to figure out the correlation between economic growth and health care prepayment level and between government willingness and health care prepayment level and their lead-lag relationships. Section 4 presents the empirical evidence. The final section concludes.
| LITERATURE REVIEW
In recent years, there has been ample interesting work examining the determinants of the level of prepayment in health financing system, for instance, economic growth, government willingness, demographic factors, etc., as listed in Table 1 . In this section, we firstly review the determinants of health care prepayment with a broad view. Moreover, we put special focus on the factors of economics and government willingness.
| Literature on determinants of health care prepayment level
The determinants of health care prepayment include various types of factors, and we mainly focus on demographic ones as representatives, such as employment status, ethnicity, educational level, gender, marital status, and age.
While white-collar workers are observed to have higher employment-based private health insurance coverage than skilled or unskilled blue-collar workers, 2 certain ethnic groups also have a higher aversion to health risk. 3, 4 Educational level has been examined to be determinative because well-educated individuals value medical care and are more willing to prepay for it. 5 As for the role of gender, being a family head increases the likelihood of prepayment for male. 6, 7 In addition, married people are more enthusiastic in joining health schemes. 8 Finally, age is positively correlated with private health insurance purchases, 7 and the social phenomenon of population aging impacts national provisions in the health sector. 7,9-11 Therefore, the growth of age remarkably contributes to increases in health care prepayment.
| Literature on factors of economics and government willingness
Some remarkable discussions in the literature concentrates on economic factors. In terms of macroeconomic, structure of the economy, economic growth, and gross national income per capita are all significant. Structure of the economy is determinative because the relative sizes of formal and informal sector affect the feasibility of collecting Cross-sectional analysis Cross-sectional analysis, OLS contributions for the provision of health protection. 1 Additionally, steady economic growth functions in developing a substantial economic capacity for the financial buildup of SHI schemes. 1, 12 There are a number of studies showing that gross national income per capital plays an important role in determining health care prepayment, since SHI schemes in low-income countries generally have limited coverage, low cost recovery rates, and little ability to protect the poorest society. 13, 14 Conversely, greater amount of gross national income per capita is apt to increase the capacity of enterprises and citizens to prepay SHI contributions. 15, 16 As for middle economy, household income has been widely acknowledged because low-income families value insurance as a relief to the high cost of medical care. 17 In addition, from the perspective of microeconomic, wealth, consisting of accumulative savings, is regarded as a driving force in reducing uncertainty in personal state of health. With higher endowments of financial capital, individuals tend to invest more in their health.
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Notably, government also plays an irreplaceable role in achieving a high level of prepayment. An external determinant is the framework of government agencies, which controls the resources and power central or local governments could utilize for improvement of health services. 19 In terms of internal factors, both administrative ability 1 and government stewardship 20 are of great significance. As for administrative ability, which is partly represented by well-trained management, it guarantees public trust in private insurance schemes. 21 With regard to government stewardship, for example, private purchases can be promoted if prepayment can ensure government's provision of essential curative services and medications at improved quality levels. 22 Moreover, proper implementation of strategies is essential to ensure the continuity and consistency of the SHI schemes. Finally, government's effort in risk management education especially for rural population also affects people's choice of health insurance. 23 In sum, previous literature primarily concentrates on demographic determinants, factors of economic growth and government willingness. While demographic determinants have been widely explained and economic growth has been listed as a significant perspective, to our limited knowledge, there has been little exploration of the long-term impact of government's attitude towards the health sector on the level of prepayment and the reaction of health care prepayment to the variations in government's willingness to fund. Following the above arguments, we will have a deep insight into the parts economic growth and the government willingness play in affecting the level of health care prepayment in China in the time-frequency domain by employing the continuous wavelet analysis.
3 | METHODOLOGY AND DATA DESCRIPTION
| Methodology
The continuous wavelet analysis is employed to examine the dynamic relationships between economic growth and health care prepayment level and between government willingness and health care prepayment level in this study.
The continuous wavelet analysis has been proposed as an alternative to the well-known Fourier analysis, a frequency domain technique with drawback of losing time information [24] [25] [26] and has gained its popularity in the time-frequency analysis between two variables. First, it possesses advantages over conventional time domain and frequency domain approaches by estimating the spectral characteristics of a time series as a function of time to extract localized information in a time-frequency window, assessing how its different periodic components change over time. 26, 27 In other words, it reveals how the relationship between two variables develops over time and varies across different frequency bands in a highly intuitive way. Second, it provides a detailed picture about the lead-lag relationship between the two variables. It, therefore, has been widely used to identify the leading indicator between two interactive factors or estimate the comovement and causality between two variables. [27] [28] [29] [30] [31] Third, it does not require the two time series to be stationary or cointegrated, which exhibits a major advantage of widely accommodating economic series, regardless of stationary properties. [24] [25] [26] The continuous wavelet analysis involves the following procedures as well as associated wavelet tools including the continuous wavelet transform, wavelet power spectrum, wavelet coherency, phase difference, partial wavelet coherency, and partial phase difference. First, the continuous wavelet transform is conducted to expand the time series x t and y t into a time-frequency plane by mapping the original series into a function of time and frequency. Furthermore, the cross-wavelet transform is defined as a product of the continuous wavelet transform of x t and y t . Second, the wavelet power spectrum and the cross-wavelet spectrum are applied. The former one depicts the local variance of a time series, and the latter one describes the local covariance of two time series at each time and frequency. In this paper, the wavelet power spectrums measure the localized volatilities of health care prepayment level, economic growth, and government willingness, revealing the potential existences of structural breaks in the underlying series. Third, we proceed the wavelet coherency and phase difference. The wavelet coherency can be seen as a localized correlation coefficient in the time-frequency space, which is analogous with the Pearson correlation coefficient in the time domain and the dynamic correlation coefficient in the frequency domain with a value between 0 and 1. It describes the correlation between x t and y t in a three-dimensional way, considering the time and frequency components, and the strength of correlation as well. 32 The phase difference depicts synchronizations and delays between x t and y t , which is calculated to distinguish between positive and negative correlations and lead-lag relationship since the value of the wavelet coherency is always positive. Fourth, the partial wavelet coherency and the partial phase difference are used in the need of eliminating the effect of other variables that influence the interaction between two variables, ie, control variables. The concept of partial coherency is similar to the corresponding concept of partial correlation, which identifies the resulting wavelet coherency between two time series after eliminating the influence of control variables. If the partial coherency between x t and y t decreases in some regions of the time-frequency plane after controlling for a third variable z t , it means that the decreasing part of their interdependence is due to the control variable z t . While the opposite suggests that z t clouds their relationship. 26 The partial phase difference is the simple generalization of the phase difference with the introduction of control variables. Thus, total health expenditure is used as a control variable to control for the possible confounding effects that could falsely generate an association between economic growth and between health care prepayment level and government willingness and health care prepayment level.
Following the above advantages and procedures, as a time-frequency method, the continuous wavelet analysis can provide more detailed empirical results compared to other available empirical methods. Hence, it is capable of extending a thorough and elaborated analysis on the dynamic correlation and lead-lag relationships between economic growth and health care prepayment level and between government willingness and health care prepayment level, respectively. In addition, based on the separate relationship across different frequency bands during the period of 1978 to 2014 in China, we can extend a comparative analysis on the different effects of economic growth on health care prepayment level and government willingness on health care prepayment level in the time-frequency domain. In this study, we use the annual growth rate over the previous year for each variable to present the wavelet property in our dataset. Hence, x t denotes GDP growth rate and government health expenditure as a ratio to government fiscal expenditure, respectively. y t denotes prepaid expenditure on health (total health expenditure without outof-pocket) as a ratio to GDP. z t denotes total health expenditure as a ratio to GDP, which is used as a control variable in the continuous wavelet analysis. The continuous wavelet analysis performed in the present paper is processed by the MATLAB ASToolbox developed by Aguiar-Conraria and Soares. 25 The mathematical details of the continuous wavelet analysis are provided in the Appendix.
| Data description
This article uses long time series data to explore the dynamic relationship between economic growth and health care prepayment level and between government willingness and health care prepayment level, respectively. We use GDP growth rate and government health expenditure as a ratio to government fiscal expenditure to measure the level of economic growth (GDP) and government willingness to pay for health (GW). The health care prepayment level is
given by the prepaid expenditure on health (total health expenditure without out-of-pocket) as a ratio to GDP (HCP). Since the increase in health expenditure may be due to the rising cost of medical care, we use total health expenditure as a ratio to GDP (HE) as a control variable to eliminate the effect of rising cost of medical care. All the data are selected from National Bureau of Statistics of China. Because of data availability, we restrict our sample to the 1978 to 2014 period. The descriptions of the variables and the original data sources are listed in Table 2 . The continuous wavelet analysis is applied to investigate the dynamic correlation and the lead-lag relationship across different frequency bands.
| EMPIRICAL ANALYSIS
In this section, using the continuous wavelet analysis, we estimate the dynamic correlation and lead-lag relationship between economic growth and health care prepayment level and between government willingness and health care prepayment level across different frequency bands during the period of 1978 to 2014, respectively.
| Wavelet power spectrum analysis
Figures 3-6 present the wavelet power spectrum of GDP growth rate (GDP), government health expenditure as a ratio to government fiscal expenditure (GW), prepaid expenditure on health (total health expenditure without outof-pocket) as a ratio to GDP (HCP), and total health expenditure as a ratio to GDP (HE), respectively. The horizontal axis depicts the time dimension, and the vertical axis presents the frequency dimension in time units (years). We separate the vertical axis into three frequency bands: 1 to 2 years, 2 to 4 years, and 4 to 8 years, corresponding to shortterm, medium-term, and long-term volatilities, respectively. The color represents the strength of power, ranging from blue (low power) to red (high power). The cone of influence (COI) is given by a thick black line, which defines the regions affected by the edge effects; we therefore mainly focus on the regions inside the COI. As shown in Figure 6 , there are no high and significant (at 5% significance level) volatilities of HE across all the frequency bands inside the COI, which indicates that the fluctuation of total health expenditure as a ratio to GDP was stable during the sample period. We can observe the rising trending of health expenditure in Figure 6A Figure 7A and 7B presents the wavelet coherency and partial wavelet coherency (conditional upon the total health expenditure as a ratio to GDP) between economic growth and health care prepayment, respectively. We decompose the vertical axis into three frequency bands: 1 to 2 years, 2 to 4 years, and 4 to 8 years, corresponding to a short- term, medium-term, and long-term relationship between economic growth and health care prepayment. In addition, Figure 7B shows changes in the partial wavelet coherency and phase differences with HE as a control variable. In general, we use the partial wavelet coherency to examine the correlation and lead-lag relationship between the two variables. Table 3 .
In sum, the partial wavelet coherency and phase differences provide a detailed picture about the dynamic relationship between economic growth and health prepayment level across three frequency bands during the 1978 to 2014 period. The results show that economic growth has a marked impact on the prepaid health expenditure. Furthermore, during the first period of China's health system (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) , the positive correlation between economic growth and health prepayment level in the short term changed into the negative relationship in the medium and long terms, which indicated that China could not achieve the mutual development between economic growth and social welfare progress based on the market-oriented health system. In addition, the correlation between economic growth and health prepayment level turned positive across all the frequency bands since 2006, which indicated that the new round of health reform in medical system is capable of balancing the economic development and social welfare progress and achieving economic well-being eventually. Figure 8A and 8B presents the wavelet coherency and partial wavelet coherency (conditional upon the total health expenditure as a ratio to GDP) between government's willingness to pay on health and health care prepayment level, respectively. Consistent with Figure 7 , we use the partial wavelet coherency to examine the correlation and lead-lag relationship between the two variables. In sum, the partial wavelet coherency and phase differences model the dynamic relationship between government's willingness to pay on health and health care prepayment level in the short, medium, and long term during the 1978 to 2014 period. The results show the overall positive correlation between government willingness and health care prepayment level. When the government becomes more willing to pay on health, the level of public prepayment will be improved and affect the level of total prepayment simultaneously. In addition, the lead-lag relationship between the two variables varies after 1978, since the new round of medical system reform requires establishing a strong national health system with a crucial role of government in health sector, which causes health care prepayment level to lead government willingness instead of the opposite. The correlation and the lead-lag relationships between GW and HCP during the sample period across all the frequency bands are listed in Table 4 .
| Government willingness and health care prepayment
Comparing the above two different partial wavelet coherencies, economic growth and government's willingness to pay on health both have significant impact on the level of health prepayment, while the two indicators present different patterns. Firstly, there examined to be positive and negative correlations between economic growth and health care prepayment level across three frequency bands, which indicates that the effect of economic growth on health care prepayment level varies in the frequency domain. However, government willingness is examined to be positively related with health prepayment level overall. Secondly, more high and significant regions in the partial wavelet coherency of economic growth and health prepayment level reveal that the influence time of economic growth on health care prepayment level is longer than that of government willingness. Thirdly, the frequency domain findings suggest that the level of health prepayment is correlated across all the three frequency bands, while the impact of government willingness mainly exists in the short and medium term. Besides, the lead-lag relationship shows significant variations from the perspective of frequency domain. Government willingness led health care prepayment level before 2006 while the situation was the opposite since the new round of health reform in medical system. Thirdly, comparing the above empirical results, there examined to be more high significant regions of coherency of economic growth and health prepayment level, which indicates that the impact of economic growth on the level of health care prepayment is more significant compared with that of government willingness.
Hence, it is suggested that China should, firstly, build up a strong and effective health system to ensure that individuals have access to quality medical services at affordable prices. Secondly, with special focus on the influence of economic growth on the level of health care prepayment, China should maintain steady economic growth to achieve the mutual development of economic construction and health progress. Thirdly, more attention should be paid to the positive correlation between government willingness and health care prepayment level. A strong government role in the health system will lead to simultaneous improvement in health care prepayment level, which is beneficial to social stability and economic well-being.
ψ t ð Þ ¼ π Based on the choice of the mother wavelet, the continuous wavelet transform is defined as:
where * denotes the complex conjugation of the Morlet wavelet. The continuous wavelet transform decomposes the original series into a function of τ and S , thus expands the time series into a time-frequency space. When the wavelet ψ(t) is complex-valued, the wavelet transform W x (τ, s) is also complex-valued and can be decomposed into its real part ℜ{W x (τ, s)} and its imaginary part I{W x (τ, s)}, or in its amplitude, |W x (τ, s)|, and its phase, ϕ x (τ, s) : W x (τ, s) = | W x (τ, s)| exp (iϕ x (τ, s)).
A.2 | The power of wavelet and cross-wavelet
Following the continuous wavelet transform, the wavelet power spectrum is used to measure the local variance for a time series at each frequency, which is given as: 
In general, the wavelet power spectrum of one time series presents the local variance, while the cross-wavelet power spectrum measures the local covariance of the two time series at each time and frequency.
A.3 | The wavelet coherency and the phase difference
Based on the wavelet power spectrum and the cross-wavelet power, the wavelet coherency is conducted to investigate the dynamic correlation in the time-frequency domain. The complex wavelet coherency ñ xy is given as:
where S denotes a smoothing operator in both time and scale. The wavelet coherency is defined as the absolute value of the complex wavelet coherency:
